Stevia rebaudiana (Asteraceae) is a plant of economic importance because of its medicinal properties and the presence of sweetener compounds on its leaves. These compounds can be a substitute for sucrose in a wide variety of products used by persons with diabetes and obesity problems. To standardize an efficient and effective propagation method for the different Stevia genotypes grown in Colombia, this study evaluated the effect of different combinations of the plant growth regulators 2,4-dichlorophenoxyacetic acid (2,4-D), indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), 6-(gamma, gamma-dimethylallylamino) purine (2iP) and Zeatin on the induction and development of somatic embryos. Adenine and coconut water were also evaluated as supplements in the basal culture medium Murashige and Skoog Basal Salt Mixture (MS) with glutamine. The combination of 2,4-D (18.09 µM) and 2iP (7.38 µM) produced the highest number of somatic embryos per explant, which had well-defined characteristics. The genotype showed a significant effect on the embryogenic response. In the "SRQ-93" genotype, the formation and development of somatic embryos was achieved, whereas the genotypes "Bertoni" and "Morita II" only yielded embryogenic and non-embryogenic calli, respectively. The conversion to seedlings was achieved on the regeneration medium containing gibberellic acid (GA 3 ) (0.29 µM) and activated charcoal.
INTRODUCTION
Stevia rebaudiana Bertoni is a plant that belongs to the Asteraceae family and is native to Paraguay. On its leaves, the plant produces low-calorie sweeteners composed of diterpene glycosides that are 30 to 320 times sweeter than sucrose (Ahmed et al., 2007) . The compound that is found in the greatest proportion is stevioside, followed by rebaudioside and dulcoside (Mishra et al., 2010) .
In addition to its sweetening properties, this plant is also a source of carbohydrates, proteins, raw fiber, minerals, amino acids, essential oils, etc. (Abou-Arab et al., 2010) , and it possesses the following therapeutic properties: antihyperglycemic, anti-carcinogenic (Jayaraman et al., 2008; Gupta et al., 2013) , antiviral (Kedik et al., 2009) , antiinflammatory (Ibrahim et al., 2007) and antioxidant (Zeng et al., 2013; Gupta et al., 2013) . These health benefits highlight this plant's economic importance.
The conventional propagation of Stevia is difficult because of the low viability of its seeds and high cost of its propagation by cuttings results in a low number of seedlings obtained (Pande and Gupta, 2013) . They also present difficulties in the rooting process on small-sized cuttings, which implies the selection of cuttings with a high number of nodes and a subsequent decrease in the amount of available material (Osman et al., 2013) and productivity, thus affecting its market. Therefore, in vitro propagation becomes an alternative technique to manage these limitations.
The globalization of agriculture requires improvements in the efficiency and competitiveness of existing production systems. Among plant tissue culture techniques, the regeneration of plants via somatic embryogenesis offers an efficient solution to propagation problems for different crops because this process yields a bipolar structure with the same characteristics and functions as a zygotic embryo originated from a somatic tissue. The process of developing the root and aerial parts of the plant is simultaneous, resulting in faster multiplication, development and acclimatization processes, and it also allows for an easier escalation process through bioreactors (Solís-Ramos et al., 2012; Saram et al., 2014) .
Tissue regeneration in S. rebaudiana through tissue culture via organogenesis has been reported by Kumar et al. (2008) , Anbazhagan et al. (2010) , Das et al. (2011) and Suarez and Quintero (2014) . Additionally, Bespalhok et al. (1993) , Das and Mandal (2010) , Banerjee and Sarkar (2010) , and Pande and Khetmalas (2012) have described the process via somatic embryogenesis.
The induction and development process of somatic embryos can be influenced by several factors, such as the basal culture medium, growth regulators, nitrogen and carbon sources, various supplements and genotype. Genotype is important in all biological processes, and the differential response to in vitro culture of different genotypes of the same species has been well documented (Solís-Ramos et al., 2012) . Based on reports of commercial-size cultures in different S. rebaudiana genotypes in Colombia (Martínez et al., 2007) and with the intention of contributing to the improvement of the multiplication process of elite material, this study aimed to evaluate the embryogenic response of three S. rebaudiana genotypes: "Morita II", "Bertoni" and "SRQ-93".
MATERIALS AND METHODS
Plant material S. rebaudiana "Bertoni" plants served as the source of explants for the development of this study, and they were provided by the Botanical Garden Joaquín Antonio Uribe, which is located in the city of Medellín. The plants (hereafter referred to as genotype 1) were maintained under semi-controlled conditions at the biological station of the University of Antioquia. For the genotype known as mutant SRQ-93 (genotype 2), in vitro plants and plants adapted to semi-controlled conditions were used, and these plants were obtained from the Plant Biotechnology Laboratory of the University of Antioquia. In vitro plants of the Morita II variety (genotype 3) were also used, and they were donated by the bio-factory of the Technological Park of Antioquia (PTA) for this research.
In vitro establishment
Because in vitro material from genotype 1 was not available, a protocol of disinfection and in vitro establishment of apices from plants maintained under greenhouse conditions was established. The apices were cut, initially washed with Quirucidal® soap (Laboratorios Quirumedicas manufacturer's, Bogotá-Colombia) and then washed with 1 % Tween-20® for 5 minutes. Under aseptic conditions, the explants were then submerged in a Benomyl® (1 g/L) and streptomycin (1.5 g/L) mix for 4 hours. Subsequently, the material was treated serially with sodium hypochlorite (NaClO) at 0.8 and 0.5 % for five minutes each and then washed with sterile distilled water.
Culture media and growth regulators
Considering the positive effect of coconut water and adenine on the embryogenic response of different species (Apurva and Thakur, 2009; Bhattacharya et al., 2010; Milojevic et al., 2012; Nuño-Ayala et al., 2012; Rathore et al., 2012) , the following three culture media were used in this experiment: MB1, composed of Murashige and Skoog Basal Salt Mixture (MS) salts (Murashige and Skoog, 1962) supplemented with glutamine (342.14 µM), thiamine-HCl (2 mg/L), nicotinic acid (2 mg/L), glycine (2 mg/L), pyridoxine (0.5 mg/L) and sucrose (30 g/L); MB2, composed of MB1 medium supplemented with adenine (5 mg/L); and medium MB3, containing MB1 medium supplemented with coconut water (10 %). The culture media were solidified with Gelrite® (3.0 g/L).
The initial assays, which were based on the protocols described for Stevia by Bespalhok et al. (1993) , Bespalhok and Hattori (1997) , Das and Mandal (2010) , Banerjee and Sarkar (2010) , and Pande and Khetmalas (2012) , and combinations of the growth regulators 2,4-dichlorophenoxyacetic acid (2,4-D), indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), 6-(gamma, gamma-dimethylallylamino)purine (2iP), Zeatin and Thidiazuron (TDZ) showed that for genotype SRQ-93, the formation of somatic embryos was favored by the 2,4-D -2iP combination.
Based on these results, this study evaluated the effect of a broader range of concentrations of the growth regulators 2,4-D and 2iP on the induction of somatic embryos in the same genotype (Table 1) .
Leaf segments (approximately 7 mm 2 ) of in vitro plants in multiplication stages and after 20 days of subculture were planted in the different culture media. In all cases, adaxial side of the leaf was in contact with the culture medium.
Each of the treatments was composed of ten explants placed in separate Petri dishes (experimental unit). Every 20 days, the explants were transferred to fresh medium with the same composition. The response variable for all experiments was the number of somatic embryos formed per explant (SE). During the induction process, the cultures were maintained at 23 °C ± 2 and in continuous darkness.
Response of in vitro and ex vitro plant leaf segments to the formation of somatic embryos
This experiment evaluated the effect of the origin of explants (in vitro or ex vitro) on the formation of somatic embryos. The explants were segments of in vitro plants and leaf segments from plants of genotypes 1 and 2 maintained under semi-controlled conditions. The culture medium used for this experiment was MB1 supplemented with the growth regulators 2,4-D (18.09 µM) and 2iP (7.38 µM).
The leaf segments of the ex o in vitro plants were treated with the same disinfection protocol described for the apices, and the cultures were maintained under complete darkness. Twenty five replicates per origin/genotype were performed. Every 20 days, the explants were transferred to fresh culture medium with the same composition, and the formation or absence of the formation of embryos and their number per explant were registered.
Effect of genotype on the induction of somatic embryos
Based on the results of previous experiment, the effect of the genotype on the formation of somatic embryos on Stevia was evaluated. Leaf segments of in vitro plants in the multiplication phase of the genotypes Bertoni, Morita II and SRQ-93 were planted in MB1 culture medium supplemented with growth regulators 2,4-D (18.09 µM) and 2iP (7.38 µM). The explants were transferred every 20 days to fresh culture medium with the same composition.
Ten replicates were performed for each genotype, and each explant was placed in a Petri dish (experimental unit). The response variable was the formation of an embryogenic callus and/or the number of somatic embryos per explant.
Histological analysis
To corroborate the embryogenic nature of the obtained structures, a histological analysis was performed using portions of leaves with structures similar to somatic embryos. Such structures were submerged in formaldehyde -acetic acid -ethanol (FAA) fixing solution (10 mL of 37 % formaldehyde, 5 mL of glacial acetic acid, 50 mL of 96 % ethanol and 35 mL of distilled water) in Falcon® tubes for two days. The dehydration process was performed in an alcohol series (70 %, 80 %, 90 %, 96 %, 100 %) for two hours, and each process was followed by paraffin embedding (PARAPLAST). The embedded material was fractionated in a rotary microtome (LEICA Model RM 2125) in 5 µmthick sections. The sections were stained with Safranin O and Alcian Blue to determine the presence of lignin, cutin, suberin and acid polysaccharides. The material was also stained using PAS (periodic acid-Schiff stain and naphthol blue black), which is commonly used to reveal the total insoluble polysaccharide content and proteins on cells.
The stained sections were mounted with Entellan®, and the photographic registry was performed in a fluorescence microscope.
Regeneration of somatic embryos
To assess the conversion of somatic embryos to complete plants, different treatments were proposed ( Table 2) . The regeneration assays were performed in Petri dishes (100 x 15 mm) containing approximately 30 mL of medium. For each treatment, three clusters of embryos individually places on a Petri dish were evaluated. The cultures were maintained under continuous light conditions at 20 µmol m 2 s -1 for their development. Subcultures were performed every 20 days, and the number of developed embryos per cluster and the formation or absence of root formation were registered.
Statistical analysis
The statistical analysis was performed using a one-way analysis of variance (ANOVA). The software Statgraphics Centurion was used for the randomization of the treatments, data analysis and verification of the ANOVA basic assumptions. To determine the differences between treatments (induction of somatic embryos), Tukey's test was performed. P values less than 0.05 (p < 0.05) were considered statistically significant.
RESULTS

Effect of culture medium and growth regulators on the induction of somatic embryos
From the different supplements evaluated, the basal culture medium added with adenine (MB2) showed the lowest values of induced somatic embryos and produced an effect that was significantly different from the MB1 and MB3 culture media (Fig. 1 ). In the culture medium supplemented with coconut water (MB3), the mean number of somatic embryos did not show a statistically significant difference from the MB1 medium for the different growth regulator concentrations. However, the mean value was always lower than that of the non-supplemented treatments.
The induction of somatic embryos was achieved in all of the treatments containing growth regulators, and embryo formation started 23 days after planting. The statistical analysis showed significant differences between treatments (p < 0.00001) (Fig. 1) . The treatments with a better response in the induction stage were MB1-2 containing 2,4-D (18.09 µM) plus 2iP (7.38 µM) and MB1-4 containing 2,4-D (13.57 µM) plus 2iP (7.38 µM). These treatments (Table 3) had a mean of 43.2 and 46.9 somatic embryos per explant, respectively, and morphological characteristics typical of the formation of somatic embryos. The highest mean number of embryos was achieved in the treatments containing the highest concentration of 2iP (7.38 µM) combined with 2,4-D (13.57 y 18.09 µM) (Fig. 1) .
The induction of somatic embryos was not achieved in the preliminary tests that evaluated the growth regulators TDZ, IBA and IAA alone and in combination. Only callus formation was observed in media containing TDZ, whereas the formation of roots was observed in media containing IBA and/or IAA. The media containing Zeatin showed the formation of somatic embryos, but they were deformed and had irregular morphological characteristics. 
Response of leaf segments from in vitro and ex vitro plants to the formation of somatic embryos
This assay revealed that the origin of the explant had an effect on the response time but not on the total number of somatic embryos. The leaf segments from ex vitro plants began forming somatic embryos between 25 and 27 days after planting, whereas the segments from in vitro plants responded after 20 days. The statistical analysis performed with the data from 40 days after planting showed significant differences in the number of embryos obtained in the leaf explants from these two origins ( Fig. 2a ). However, when this same parameter was evaluated at the 60 th day, no statistically significant differences were observed (Fig. 2b) .
No statistical analysis was performed for genotype 1 because the only response was the formation of embryogenic calli. However, similar to genotype 2, a lower response time was observed in the material from in vitro conditions compared with the ex vitro plants under semi-control conditions at 30 and 45 days, respectively.
Effect of the genotype on the induction of somatic embryos
The response to embryogenesis in all three S. rebaudiana genotypes tested showed clear differences. Genotype 2 (SRQ-93) achieved a mean of 30 embryos per explant. In genotype 1 (Bertoni), the response was the formation of an 
Means and 95,0 Percent LSD Intervals embryonic callus, and only one explant achieved formation of a somatic embryo. For genotype 3 (Morita II), the response was the formation of a compact dark yellow-colored callus with no embryogenic characteristics ( Fig. 3a-3c ).
Histological analysis
The histological sections were used to identify the globular structures independent from the mother tissue with defined protodermis and small cells with a prominent nucleus and dense cytoplasm. All of these characteristics are typical of meristematic cells with regeneration potential; in this case, the potential is through somatic embryogenesis ( Fig. 3a-3c) . Similarly, the tissues surrounding the embryos were observed to correspond to the mother tissue and were characterized by parenchymal cells (Fig. 3a) .
Regeneration of somatic embryos
The conversion of the somatic embryo to a plant was only obtained in the R1 media and achieved 60-80 days after transfer to the regeneration media ( Fig. 4) , with a mean d. e. f.
of 5.6 seedlings per cluster. In the R2 media, the embryos remained intact after 100 days with no regeneration. However, when the embryos were transferred to the R1 medium, seedlings were obtained after 20 days. In R3, R4 and R5 media, the embryos were covered by calli after 20 to 25 days after transfer without achieving any conversion.
DISCUSSION
Effect of the culture medium and concentration of growth regulators 2,4-D and 2ip on the induction of somatic embryos
The organic supplements that were tested to induce and/or improve the embryogenic response in S. rebaudiana did not show the expected results. Coconut water, a supplement for in vitro culture, has been reported as beneficial for induction processes such as morphogenesis, somatic embryogenesis, callus formation, and for cell cultures in suspension (Pervin et al., 2013) . In embryogenic processes, the production of somatic embryos at a large scale was improved in Phoenix dactylifera (Hussam and Hussein, 2013) . In addition, the promotion of the induction, growth and development of somatic embryos in other species was achieved (Bhattacharya et al., 2010) ; in others, the formation of somatic embryos was reduced (Apurva and Thakur, 2009) .
Additionally, the adenine negatively affected the embryogenesis process in S. rebaudiana. These results are consistent with reports by Nuño-Ayala et al. (2012) , who also found that the induction of somatic embryos was inhibited in Jarilla heterophylla. In other species, reports have noted the favorable effects of adenine on the efficiency of the induction and further development of somatic embryos (Jha et al., 2007; Wongtiem et al., 2011) . This vitamin has been used as a supplement in culture media for the induction of somatic embryos (Milojevic et al., 2012; Rathore et al., 2012) . Bespalhok et al. (1993) , Banerjee and Sarkar (2010) and Pande and Khetmalas (2012) reported achieved the formation of somatic embryos, although with low regeneration rates. In this study, certain treatments on genotype SRQ-93 showed the formation of somatic embryos, although in low amounts, and in other, embryos were not induced. Hence, new tests with a combination of growth regulators were performed.
In these experiments, a favorable response was achieved in the embryogenic process, the culture media that showed the highest number of somatic embryos per explant were those that contained 2,4-D (13.57 µM and 18.09 µM) combined with 2iP at the highest concentration (7.38 µM) (MB1-2 and MB1-4). The results of this study are the first reports of the favorable effects of this combination of regulators on the induction of somatic embryos in Stevia.
The formation of somatic embryos with the combination 2,4-D and 2iP in culture medium has been reported in several species (Zhu et al., 1996; Husain et al., 2010; Konieczny et al., 2010) .
In the present study, the lowest 2iP concentration (2.46 µM) tested did not favor the formation of somatic embryos. Similar results were obtained by Zhu et al. (1996) , who evaluated different concentrations of the 2,4-D/2iP combination on rice. The response to low 2iP concentrations has been described in other species regardless of the type of auxin used (Husain et al., 2010) . However, Muñoz-Concha et al. (2012) found a favorable effect on the formation and development of somatic embryos with a low 2iP concentration combined with 2,4-D. This confirms once again, the variability in the response of different species to growth regulators and their concentrations.
Many of the obtained embryos showed a callus on their surface after 70 days of culture induction medium. This callus can be caused by extended exposure to the high 2,4-D concentration. This growth regulator has been widely reported as effective for inducing the embryogenic process (Joshi and Kumar, 2013) and has also been known to have deleterious effects on the development of embryos when they are treated for long periods of time and/or with high concentrations (Habibi et al., 2009) . However, in other species, the prolonged exposure to 2,4-D is necessary to induce the formation of somatic embryos (Zouine and Hadrami, 2007) .
The direct or indirect formation of embryos is another important aspect related to the possible epigenetic changes induced by tissue dedifferentiation and re-differentiation, which are ultimately related to the concentration of growth regulators. The capacity of an organism to form somatic embryos is determined by the types of cells present in the explant. If the explant possesses cells with embryonic capacity, only a stimulus is necessary to make the cells divide and form an embryo; this process is known as direct somatic embryogenesis. When the explant is a differentiated tissue with cells that have lost their embryogenic nature, the cells can mitotically divide, and under specific conditions, they can induce an embryogenic state and generate a callus that acquires embryogenesis capacity; this process is known as indirect embryogenesis (Kryvenki et al., 2008) .
In S. rebaudiana, had reported direct somatic embryogenesis and indirect somatic embryogenesis (Bespalhok et al., 1993; Banerjee and Sarkar, 2010; Das and Mandal, 2010; Pande and Khetmalas, 2012) . In this study, embryos were obtained by both ways. Therefore, it is necessary to study the explants, along with their parts and developmental stages that show the potential for a direct response. Consequently these parts and developmental stages could be utilized as an ideal explant that avoids the negative effects related to the genetic instability of the material being reproduced via indirect somatic embryogenesis.
Effect of the explant origin
In the formation of somatic embryos from genotype SRQ-93 and embryogenic calli of genotype Bertoni, the shorter response time on the leaf segments from in vitro plants compared with the longer response time for the explants from the greenhouse was the differentiating variable between both explant sources. The number of embryos per explant at 60 days of culture did not show any significant differences.
The in vitro plants shows differentiating characteristics compared with the plants maintained in the greenhouse, and these characteristics, such as thinner leaves and cuticles, underdeveloped palisade parenchyma, poorly formed epicuticular and cuticle waxes, different chemical compositions (less hydrophobic) and poorly defined stomata with reduced control (Kumar and Rao, 2012) , can favor quicker responses.
The quickened response can influence the plant's responses to different processes in tissue culture, including the induction of somatic embryogenesis. However, as in most biological processes and because of the network of metabolic pathways, the responses cannot be predicted, especially when there are different genotypes. Banerjee and Sarkar (2010) obtained a high number of Stevia embryos when they used leaves from plants recently established in vitro. However, Bespalhok et al. (1993) used leaves from greenhouse plants as explants and obtained a lower number of somatic embryos. In this study, both sources of explants were simultaneously tested and showed differences in response time but not in the final number of embryos per explant. Similarly, Beck et al., (1998) observed a differential response in the nodal explants of Acacia mearnsii from in vitro and greenhouse conditions. Contrary, Punyarani and Sharma (2012) reported not obtain differences in the response of nodal segments from greenhouse and in vitro conditions in the species Costus pictus D. Don.
Effect of the genotype on the induction of somatic embryos
Marked differences in the embryogenic response to the induction medium were found among the three S. rebaudiana genotypes, which were consistent with the genetic differences established by Martínez et al. (2007) . This result suggests once again that genetic factors are important in the response to an in vitro culture. On the other hand, Jarma et al. (2005) , Jarma et al. (2006) , Jarma (2010) and Jarma et al. (2010) have reported variations in field at physiological response and productivity of different genotypes of Stevia rebaudiana grown in the Colombian Caribbean.
The effect of genetic constitution on the different development processes and culture of tissues is widely known. Similar to our results, the differential response to somatic embryogenesis caused by genotype has been described by several researchers in different species, including Phoenix dactylifera (Zouine and Hadrami, 2007) , Theobroma cacao (Urrea et al., 2011) , Cajanus cajan (Aboshama, 2011) and Elaeis guineensis (Carvalho et al., 2012) .
The absence of embryos in the Bertoni and Morita II varieties under the evaluated parameters allows us to affirm that for these two genotypes, it is necessary to optimize the culture medium, growth regulators and/or culture conditions to perform propagation via somatic embryogenesis. This state of the art propagation method is recommended because of its escalation and automation potential, especially on species such as Stevia that have worldwide commercial value.
The results obtained in the present research allow us to conclude that the genotype has a significant effect on the response to somatic embryogenesis in Stevia. This result has not been previously studied, and it is of the upmost importance because the culture of this species on a commercial scale is performed in countries such as Paraguay, where it was reported to be greatest, followed by Brazil, Uruguay, Central America, Israel, Thailand, Australia, Japan, Korea and China. In addition, some cultures are performed in European countries, such as Italy, the United Kingdom, Ukraine, Spain, Germany and Switzerland (Ahmed et al., 2011; Sic Zlabur et al., 2013) .
In Colombia, the genotypes commercially cultivated correspond to Bertoni and Morita II; therefore, it is necessary to continue this work to optimize the process of massive propagation of these genotypes.
Histological analysis
The histological technique allowed verifying that the formed structures correspond to somatic embryos. This study identified globular structures independent from the mother tissue and abundant meristematic cells with high starch content. These characteristics are typical of a somatic embryo as described by Avilés-Viñas et al. (2013) .
According to the forming origin, the anatomic and morphological observations performed in different studies suggest that somatic embryos can be formed from a single cell or from a group of cells. When the somatic embryos have a unicellular origin, coordinated cellular divisions are observed, and the embryos are connected to the maternal tissue by the suspensor. In contrast, a multicellular origin is characterized by non-coordinated cellular divisions and somatic embryos that are observed as a protuberance fused to the maternal tissue (Avilés-Viñas et al. 2013 ). More indepth research is required to precisely understand the unicellular or multicellular origin of the embryos formed in Stevia from leaf segments.
Conversion to complete plants
One of the critical points in somatic embryogenesis is the capacity of the embryos to convert to complete plants. In this study, the embryos from the genotype SRQ-93 that generated seedlings belonged to the induction media containing combinations of regulators 2,4-D (18.09 and 13.57 µM) and 2iP (7.38 µM). The regeneration was achieved only in the R1 medium supplemented with GA 3 (0.29 µM) as the only regulator.
In general, to achieve the conversion to seedlings, the formed embryos are transferred to medium without regulators to eliminate the exogenous regulators and allow for their development. However, the stage of maturity of the embryos (previous stage to regeneration) is not always achieved in the same medium from which they are induced. To achieve such a state, the addition of adenine (Wongtiem et al., 2011) , glutamine (Thiruvengadam et al., 2013) and coconut water (Pervin et al., 2013) has been described as a requirement. In addition, different concentrations and ratios of growth regulators are required from those used in the induction media (López-Pérez et al., 2006; Urrea et al., 2011) .
This study did not find an effect of the supplements adenine and glutamine on the regeneration potential of the embryos. However, Das and Mandal (2010) and Thrivengadam et al. (2013) reported that the addition of exogenous glutamine improve the physiological development of the somatic embryos.
In the present research work, the effect of the regulators 2,4-D (18.09 and 13.57 µM) and 2iP (7.38 µM), which induced the formation of embryos, in the conversion stage, was evident. This result suggests that the auxin/ cytokinin balance during the formation of embryos allowed them to reach the maturity stage required for subsequent development.
The positive effect of GA 3 as the only regulator on the regeneration of seedlings observed in this study was evident in the R2 media, where in the absence of GA 3 , nonregenerating embryos were observed. The same results were observed when GA 3 was combined with IAA.
For this same species, Bespalhok et al. (1993) found that transferring the embryos to a regulator-free medium did not result in a regenerating process, which is consistent with our results. However, Banerjee and Sarkar (2010) described a conversion to seedlings through the transference of the embryogenic callus to medium supplemented with IBA (7.38 µM).
The addition of GA 3 to the regeneration media, significantly improved the number of seedlings regenerated, the regeneration process and elongation and was necessary for the improved development and subsequent regeneration of seedlings from somatic embryos in other species (López-Pérez et al., 2006; Afroz et al., 2009; Scherer et al., 2013) .
CONCLUSIONS
Stevia rebaudiana is a commercially important species because of its sweetener characteristics and medicinal uses discovered in recent years. In this study, the somatic embryogenesis for this species was evaluated, and the genotype was found to affect the response to this massive propagation strategy. This result is the first world report for S. rebaudiana that may contribute to the development of protocols for other commercial varieties. However, the in vitro material had a lower response time, and the ex vitro material showed embryogenic potential as well. This result can be the starting point for establishing a propagation strategy using ex vivo vitro material selected by the grower on the field, which requires no previous steps. The development of somatic embryogenesis protocols in commercial varieties not only helps obtain a massive propagation of elite previously selected material but also aids in processes such as the production of interesting metabolites, improvement studies, material selection and conservation.
